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The recombination reactions of arylaminyl radicals are studied on the basis of its order P\10 treatment, assuming dimeric intermediates with C -N or C -C bonding modes. In the case of diphenyl aminyl radical the N -N recombination causes an increase in the T-bonding energy and should be most favourable for the low temperature reactions. Due to the low dissociation energy of the N -N bond, the C -N bonding is preferred in the high temperature reactions. It is found that the ortho-and para-additions are energetically more favourable than the meta addition, in agree ment with jr-SCF MO calculations and experimental results. The recombination of 2,2'-dinaphthyl aminyl radicals proceeds through C -C and C -N bonding, the l,l'-bonding is most favourable. The PMO-results are parallel to those of the rr-SCF MO calculations, providing another demonstra tion for the utility of this method.
Diarylaminyl radicals are generated through thermolysis of tetraarylhydrazines 2 or N, nitroso, diarylamines 3, or through the oxidation of the cor responding diarylamines4. Their existance was proofed through NO-scavenging 1 and the measure ment of their ESR spectra 2. They recombine by the same reaction yielding hydrazines (e.g. by the oxi dation of amines), benzidines, semidines and diarylamino derivatives. It was found that the product distribution of the thermal benzidin rearrangement is similar to that of the radical's recombination reactions. This suggests that the rearrangement pro ceeds through aminylradicals as intermediates too 5-7. According to the present available experimental results, the course of the recombination reactions is determined by the relative stabilities of dimeric intermediates formed through the addition of one radical to the arylring of the other3' 4. The relative CV C stabilities of such intermediates can be estimited through the calculation of their relative t-bonding energies on the basis of first order perturbation theory (PMO treatment)8. The idea behind such a treatment is that the bonding between two odd alter nate radicals causes a first order perturbation of Reprint requests to Dr. M. Shanshal, Department of Chemistry, College of Sciences, University of Bagdad, Adhamiya, Bagdad/Irak. their nonbonded orbitals, yielding an increase in the T-bonding energy of the whole system (JE f).
«or = NBMO-coefficient at the atom of connection (r) in the radical II, b,is = NBMO-coefficient at the atom of connection (s) in the radical I.
Diphenylaminyl radical
The unpaired electron of this radical occupies a t-MO 9, The recombination of two such radicals may proceed through the N -N bonding yielding hydra zine derivatives or through C -N or C -C bond formation yielding the dimeric intermediates. Set ting the T-bonding energy of the starting radicals (2XAr2N) as a reference (£^ = 0.0) we may cal culate the relative bonding energies of the hydrazine derivative and the dimeric intermediates using Equa tion (1) . With av = ac and ßc-n = ß c -c the NBMOcoefficients of the radical are calculated as; oC Xc/Ca -aCXc^Ca
The formation of a dimeric intermediate corre sponds to the removal of cyclic conjugation from a phenyl ring in the radical yielding a system isoconjugate with the anilinyl substituted pentadienyl molecule. The formed substituted pentadienyl sys tem may be thought of as constructed from the anilinyl-and the pentadienyl radical. The ortho-, meta-and para-intermediates correspond to the bondformation at C atoms 1, 2, and 3 of the pentadienyl radical respectively. The difference between the rr-bonding energies of the aminyl radical and the 2-anilinyl pentadienyl molecule, which may be obtained through a 1st or der PMO calculation of the later system, is 2.3 ß.
Considering this difference, the n-bonding energy of all dimeric intermediates may be calculated, relative to the energy of the aminyl radical. Table 1 shows the relative a-bonding energies of the hydra zine derivative and the C -N as well as the C -C dimeric intermediates. Except the N -N bonding product, whose rela tive rr-bonding energy is .82 ß, all the intermediates are signified with a loss in the si-bonding energy. This conclusion explains the experimental fact that, the oxidation of the diphenylamines yields tetra- Since no /?n -N parameter is available, no jr-SCF calcula tion could be done for this molecule.
phenyl hydrazines4' 9. Due to the low dissociation energy of the N -N bond (20 -30 kcal/mol) 2' 10, the hydrazine derivatives redissociate in radicals when heated to higher temperatures,
The equilibrium may be shifted to the radical side through introduction of an electron donating substituent to the aryl rest 9, or through the recombina tion of two radicals forming a C -N bond that dis sociates by higher temperatures.
Aromatic resonance is removed from two phenylrings by the formation of the intermediates 6 -11. Their relatively small ^-bonding energies make them unprobable. In fact no products corresponding to them have been isolated. Intermediates 2 -5 are more probable, since they correspond to the re moval of aromatic resonance in a single phenylring of the whole molecule. Both PMO and .i-SCF MO procedures predict equal stabilities for the para and ortho intermediates which should yield ortho and para semidines through hydrogen shifts. In fact both semidines and no meta semidine have been isolated from the recombination reactions of diphenyl aminyl radicals. The higher yield of the p-semidine is most probably caused by the steric hinderance in the ortho substitution.
2,2'-Dinaphthyl aminyl radicals. A similar treat ment may be carried out for the recombination of naphthyl aminyl radicals. Consider the dimeric in termediate of the following structure, compelled through an N -C addition;
The T-bonding energy of one radical remains con stant on addition, that of the second decreases due to the break down of cyclic conjugation in one of its phenyl or naphthyl moieties. This change in the t-bonding energy is significant for the stability of 1. Starting with a heptatrienyl radical a methylene carbon atom is introduced to its middle, unstarred, carbon atom. The formed bond corresponds to no first order change in the T-bonding energy, i. e. AEn = 0.0.
2. The 4-methylene, heptatrienyl diradical has two degenerate NBMO's, according to the pairing theorem (N* -N° = 2). Bonding to another me thylene carbon atom and the formation of phenyl derivatives should perturb only one NBMO. This bonding may lead to one of the following two phenyl derivatives, which have the same structure as the dimeric intermediates; a-/>-methylene styrene and b-ortho methylene styrene. The PMO treatment shows that, the first derivative is with 0.1 ß more stable than the second.
3. The 2-naphthylaminyl radical is then intro duced to different positions of the two styrene de rivatives and the so caused changes in the t-bonding energies are calculated with the PMO method.
-a 2a -3a
products products Both changes in t-bonding energy, of step 2 and 3, are added together. The sum is called E"n (n = the numbering of the intermediate in Table 2 ). 4. Setting £ t of the dinaphthyl aminyl radical = 0.0, the relative stabilities of the intermediates may be calculated. For this purpose it is sufficient to calculate the difference between the t-bonding energies of the dinaphthyl aminyl radical and a single intermediate, and between the energies of the same intermediate and all other intermediates. Structure (intermediate) 8 is found arithmetically most suitable for this purpose;
5. The relative stabilities of intermediates 9 and 10, which correspond to additions on C atoms 10 and 9 respectively, are calculated according to the following scheme, Table 2 shows the relative ^-bonding energies for the possible intermediates. The order of stability predicted by the PMO treatment is parallel to that of the ?r-SCF-MO cal culation. Intermediate 9, the relative stability of which is overestimated by the PMO method, forms the only exception. The order of stability is 1 > 2 > 4 = 5 > 3 > 6 = 7 > 8 . Due to the big differences in 3T-bonding energies, our treatment predicts that the N -C bonding should proceed mainly at position 1. In fact this is the only kind of C -N bonded deriva tive which has been isolated experimentally from the reaction media3' 4. Our previous data do not seem to agree with the formation of l,l'-dinaphthyl, 2,2'-diamine, which according to our argumenta tion, should proceed through a doubly perturbed intermediate, in which the cyclic conjugation of a phenyl ring in two naphthyl segments have been removed. Such a reaction proceeds toward a 1,1'-bonding with a deformation of the local protons out of the plane, followed by two successive hydrogen shifts, which Could allow for the formation of the carbazole derivative according to the Shine's postulation7. A recombination of two radicals through a pyrazinetype transition state II is also possible. The reaction proceeds to an intermediate, in which the cyclic conjugation of only one annulated phenyl ring has been removed, and which corresponds to a semidine endproduct. Such semidines have been isolated with good yields from the reactions of such radicals (generated through oxidation of the corresponding amines 4) . The thermal rearrangement of dinaphthyl hydra zines is an intramolecular reaction that does not yield semidine7. If aminyl radicals are formed during this reaction, they don't recombine through transition state II, an exclusion, which confirms the hypothesis that such reactions should proceed through a radical mechanism5' 6. The cleavage of the N -N bond is followed (or accompanied) by a recombination through transition state I. The endproducts formed after one or two hydrogen shifts are either 1 ,1 -dinaphthyl, 2,2'-diamine (exp. yield 80 -90%) 7 or the carbazole derivative (exp. yield 10 -20%) '. Confirming our previous conclusions, the thermal rearrangement of l,l'-dinaphthyl hydra zine yield the products; a) 4,4'-diamine-dinaphthyl, b) l,l'-diamine dinaphthyl or c) carbazole, all of which could be formed through (4n + 2) aromatic transition states. .t-SCF-MO calculations with variable ß and ap plying the half electron approximation gave good spin densities for the benzyl radical
The jt-SCF-MO calculations, which are discussed above, were carried out using a similar SCF-technique10 and applying the 1/2 electron method for the treatment of radicals too. The calculated spin densities are in good agreement with the experimental spin den sities, which were obtained through the application of the McConnell relationship 13; an = -2 3 .7 Qc, «N = 28.6 £> N .
According to the same calculations the phenyl rings exhibit a slight bond alternation. Table 3 gives the calculated bond distances and spin densities for the completely planar radical. 
